Introduction
Some recent publications have revealed the presence of phthalates in rather unexpected locations (1) (2) (3) (4) . Mayer (3) reported that di-n-butyl phthalate and di-2-ethylhexyl phthalate had measurable effects on the Daphnia, an accepted subject for studying the aquatic food chain in the environment. The ubiquity of phthalates has been well documented. Their presence in stored blood samples and in some randomly sampled humans is reason for concern, even though no directly related harmful effect has been clearly demonstrated to date. Numerous nontechnical writings displayed serious concern about the subject of phthalates in the environment. Some 
Discussion
The literature reports ingestion studies on phthalates ranging from dimethyl (CH3) up to ditridecyl (C13H27) and includes coesters of mixed alkyl alcohols as well as aryl alkyl phthalates. Dibutyl phthalates and di-2-ethylhexyl phthalate were appropriately the most widely studied, since they are the most significant members of the phthalate family from the viewpoint of volume consumed.
Test animals covered a wide range, with the rat being the most common species. Other variables included the method of administration, i.e., stomach tube, capsules, added to diet, etc. Single-dose, acute-toxicity studies were generally employed for purposes of the statistically calculated LD50, the dosage required to cause fatality to 50% of the test species. Prolonged ingestion studies generally involved daily dosages well below the LD50 values. Di-2-ethylhexyl phthalate (commonly referred to as DOP) was administered to various species up to 2 years (5, 6). Harris et al. (6) pointed out that the natural lifetime of the control rats not receiving test sub-stances precluded extending the exposure period past 2 years. Lefaux (7) reports that extensive feeding tests were conducted on rats with dibutyl phthalate at Villejuif Cancer Institute. Five generations of rats were fed daily diets containing 100 mg of DBP per kilogram body weight; 300 mg/kg and 500 mg/kg daily doses were fed to three generations of rats. Both male and female rats showed normal weight gains and reproductive patterns. No signs of poisoning or carcinogenic effects were found. It was concluded that dibutyl phthalate is harmless. Similarly, diets containing 500 mg of DOP/ kg of body weight were fed to four generations of rats. Normal reproduction and no anomalies were found during parturition or nursing. Tables 1-4 summarize the technical information contained in the literature on the ingestion of phthalates and related materials.
While lethal dosages were, of course, attained, all of the writers reached the general conclusion that the phthalates have a very low order of toxicity. No carcinogenic characteristics were found by any of the investigators. Generally, no adverse histological or pathological effects of significance were found. Most investigators observed a slight reduction in rate of weight gain, and a slight increase in liver and kidney weights with specimens receiving the larger doses over prolonged periods. However, Harris et al. (6) reported none of these shortcomings for rats receiving DOP at 0.5% of the daily diet for 2 yr. This daily dose corresponded to a dose per body weight value ranging from 1.5 g/kg/day to 0.33 g/kg/day over the 2-yr feeding period. In the same work, a dog was fed 5 .0 g/kg/day over a 14-week period. The only effect on the dog was a slight loss in rate of weight gain. The work of Harris et al. (6, 24) (14) reported that an adult male intentionally took 10 g of di-2-ethylhexyl phthalate and experienced mild diarrhea; another adult male showed no effects whatsoever after having taken 5 g. Lefaux (7) reports that a young adult male mistakenly ingested about 10 g. of dibutyl phthalate. He was hospitalized on the next day, after having experienced nausea and vertigo. Signs of keratitis and toxic nephritis (excess albumen in the urine, together with red and white corpuscles) were observed. He was treated and released after 2 weeks observation with no after-effects. If a typical weight of the cited three subjects of 70 kg (154 lb) is assumed, it may be calculated that the 5 and 10 g dosages are equivalent to 72 and 144 mg/kg body weight, respectively. Hence, if a typical adult were to ingest a single dose of 10 g of phthalate plasticizer, it would be about 1/100 to 1/1000 of the single-dose LD50 levels reported in Table 1 .
No investigator proposes that the quantitative values defined on test animals can be related to man. Uncontrolled dosages and exposures further complicate the problem of defining the safe use of substances. For the sake of comparison, therefore, Table 5 lists the LD50, in rats, of some commonly encountered substances. LD50 values of typical common household chemicals that are considered safe are as follows: vinegar (acetic acid), 3.5-5.2 g/kg; table salt (sodium chloride), 4.5 g/kg; rubbing alcohol (isopropanol, not denatured), 5.8-10.7 g/kg; drinking alcohol (ethanol, not denatured), 11.3-21.3 g/kg; soapy water (20%), > 16 g/kg. All LD50 values are calculated to reflect the dosage of the 100% pure substance causing fatality to 50% of the specimens (9) . The ranges shown reflect findings that when administered in a more dilute condition, the animal has a reduced tolerance for total intake of the pure substance. The relative safety of the phthalates is recognized when the above substances are compared to the data in Table 1 . Other than dimethyl phthalate, all of the phthalates tested for oral ingestion are included within the range of 8 g/kg to > 64 g/kg, LD50. Dimethyl phthalate is frequently applied as an insecticide and may be expected to be unique in this class of materials. Dibutyl phthalate is in the same genEnvironmental Health Perspectives 
(10) (11) (8) (12) (7) (7) (13) (9) (9) (7) (13) (9) (32) . The ADI is determined by the equation:
where N denotes the maximum "no effect" level of substance based on most sensitive test with most sensitive test species, in mg/kg/day. (This usually implies daily dosages of duration . 90 days), F is a safety factor to convert from animal species to man. FAO/WHO recommends (33) a factor of 100; commonly, a factor of 500 is used if N is based on 90-day feeding test data and a factor of 100 is used if N is based on 2-year feeding tests. The typical daily intake may be calculated for a given food additive and compared to the ADI. No effect: slight loss of weight gain. Hematology: normal; Histological: normal; Urinalyses: no effect (on female only). At 10 g/kg, the dog refused to eat for 2 days.
a Test started at 2 months age of rats. bEqual to 0.05 0.08 g/kg/day. C Equal to 0.3 0.4 g/kg/day. dReports DOP much less toxic than DCP (22 (27) Rats and mice (fasted 18 hr) (27) Rats and mice (fasted 18 hr) cWt-% of daily diet. bAll values calculated on basis of 100% purity, irrespective of administration purity.
c 70.7 ml/kg wine equals 11.3 ml/kg ethanol content. 
Environmental Health Perspectives (27) aADI = N/F, where F = 500 for < 365 day period; 100 for > 365 day period. (34) . bThe first part of the overall acceptable daily intake zone is termed unconditional, and this represents levels which can be safely used without further expert supervision and advice. The second part is termed conditional and represents levels of use that can be safely employed but at which it is thought desirable that some degree of expert supervision and advice should be readily availabfe. C As sum of benzoic acid and sodium and potassium benzoate (calculated as benzoic acid). dAs sum of methyl, ethyl, and propyl esters of p-hydroxybenzoic acid. eAs sum of butylated hydroxytoluene and butylated hydroxyanisole.
